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SECTION I

INTRODUCTION

High performance aerospace systems are dependent on
materials that are lighter, have improved mechanical
properties, and/or offer a cost savings. Aluminum alloys
that met these criteria were the newly developed
aluminum-lithium alloys and the second generation powder
metallurgy alloys.

In 1985, the Air Force along with the aerospace
community found it important to investigate the potential of
these promising aluminum alloys. A cooperative program was
formed by the WRDC Materials Laboratory, Systems Support
Division, and a number of aerospace industries. The Air
Force would obtain the test material from the producers,
compile the test data, and submit reports to the
participants. The participants agreed to support the
program by performing mechanical property tests which
include tension, compression, bearing, shear, fracture
toughness, and fatigue related properties (S/N, da/dn). The
Air rForce elected tc perform spectrum fatigue crack growth
testing on most alloys. A list of participants is shown in
the following table,

This interim report contains only the aluminum-lithium
alloys produced by Alcan: 8090-T651 1.C-inch x Y4.0-inch
extrusion. Comparisons to other materials, and ranking of
materials i3 generally avoided since each potential

application may be biased on different evaluation criteria.




TABLE

Participants and Advanced Aluminum Alloys
in the Cooperative Test Program
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PARTICIPANTS
AYCO, 'IN X X
Wyman-Gordon X
Boeing, WA XX XX
Douglas Alrcraft, CA X XXX X
General Dynamics, CA XiX X{X X
General Dynamics, TX XX [X[X X XX X X
Grumman Aeroapace, NY XX X X X{X X| X
Lockheed, CA X X X x| X
Lockheed, GA X X XX X X
LTV, TX X X XX X X XX X
Martin Marietta, LA X[X[X[X X XX X[X (X [X XX} X X|x|X
McDonnell Douglas Astro, CA X
McDonnell Douglas Helicopter, AR X X
MCAIR, MO X XX X x| X X
NASA, VA X X|X
Naval Alr Development Center x| IX X X X
Northrop, CA X| XX X XX XX XX
Sikorsky, CT X X X Xp (X
Jet Propulsion, CA X
Alr Force WPAFB, (M X X X XiX X!X XX | XX xpx




SECTION 1II

MATERIALS AND TESTS

The aluminum-lithium alloy tested was 8090 which is a
damage tolerant, higher strength alloy.

Basic mechanical tests including fatigue, fatigue crack
growth, spectrum fatigue, and stress corrosion tests were
performed by the participants. ASTM standards were used for
testing when applicable.




SECTION III

PRESENTATION

The purpose of this effort was to generate mechanical
property data on newly developed aluminum alloys.

Each participant compiled a data package which
contained the data they generated. Some of these data
packages contain discussions, and in other cases, only the
data were provided. The tensile, compressiovn, bearing,
shear, and fracture toughness data from each package were
put in tabular form. Fatigue, fatigue crack growth, and
spectrum fatigue crack growth data were placed in tabular
and graphical form. Corrosion results were prepared in
tabular and written descriptions.

Constant amplitude fatigue crack grcwth tests were
conducted according to ASTM E647 Standard unless otherwice
specified. The A-N data supplied were recduced using a
seven-point incremental polynomial method. This involves
fitting a second-order polynomial (parabola) to sets of
seven successive data points., The most often used spectrums
were FALSTAFF and Mini-TWIST. Corrosion results were
documented almost exactly as they were received from the
participants.




SECTION IV
RESULTS AND DISCUSSION

This interim report contains only the aluminum-lithium
material produced by Alcan. The appendix contains the
results for a specific alloy and product form. The

following table 1lists the form and aluminum-lithium alloy in
the appendix.

Table
Contents of Appendix

Form Aluminum-Lithium Alloy

Extrusion 8090-T651 and 8090-T8

One group of the material was re-heat treated by the
participant from the T651 condition to a temper that would
give them the optimum properties of their interest. The
procedures used for tempering are included on the second
page of the appendix.




SECTION V

CONCLUSIONS

Five aerospace laboratories participated in generating
data on the Alcan aluminum-lithium material for the
cooperative test program. These data combined with future
interim reports on the Air Force/Industry Cooperative Test
Program on Advanced Aluminum Alloys will provide an
extensive data base on aluminum-lithium alloys.




APPENDIX

ALCAN 8090-T651 AND 2090-T8 EXTRUSION
(L.o" X u.0m)

INTRODUCTION

The Alcan 8090-T651 l-inch x U-inch extrusion was
received the first quarter of 1986. One participant heat
treated the 8090-T651 to a T8 temper. Grum@an -T8 condition
was achieved by heating the material to 338 F for 24 hours.
The other participants tested the material in the
as-received condition (-T651).

TESTING

Basic mechanical properties (tension, compression,
bearing, etc.) were tested according to ASTM standards,
unless otherwise specified.

Constant amplitude fatigue crack growth tests were
conducted according to ASTM E647 standard. The growth rate
a-N data that were generated by the participants (Northrop,
Grumman, and Air Force) were reduced using a seven-point
incremental polynomial method. This involves fitting a
second-order polynomial (parabola) to sets of seven
successive data points. The data are also checked against
size requirements per ASTM E647, Section 7.2. NASA-Langley
performed constant amplitude fatigue crack growth tests
using K-increasing (load increasing) and K-decreasing (load
dereasing) methods.

Spectrum tests were performed by the Air Force using
FALSTAFF (a severe fatigue environment) and Mini-TWIST (a
moderately intense fatigue environment) spectrums.




TABLE Al
TENSILE RESULTS AT t/2 LOCLTION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT-  ULTIMATF YIELD ELONG RA E
TEMP ATION STPENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)

AIR FORCE RT LONG 72.7 62.9 5.3 13.0

76.1 64.2 5.3 6.0

77.0 65.2 6.1 9.9

76.6 65.2 5.3 9.9

74.2 62.2 5.7 8.5

76.8 64.9 5.6 7.0
MARTIN RT LONG 81.0 76.8 4.9 11.3
MARIETTA 73.1 63.5 6.2 11.3
81.1 77.2 7.9 11.2
NORTHROP RT LONG 73.7 65.6 4.0 19.6 11.8
76.4 68.5 6.0 20.8 11.6
79.9 76.5 4.0 19.4 11.7
76.6 71.1 7.0 12.0
73.1 64.8 7.0 12.5
73.9 65.5 7.0 12.5
NASA RT LONG 77.1 67.9 5.0 11.4
LANGLEY 75.8 66.6 10.0 11.3
76.4 67.5 9.0 11.4
77.0 68.0 7.5 11.4
AVERAGE 76.2 67.6 6.3 12.7 11.6
STANDARD DEVIATION 2.5 4.6 1.6 5.8 0.4




TABLE A2
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%)  (MSI)
(DEGREES F) (KSI) (KST)

MARTIN -423 LONG 103.9 22.0 13.1
MARIETTA 102.9 52.7 8.0 12.9
99.8 62.0 16.0 12.3
123.6 14.0 14.4
107.0 71.3  20.0 13.4
-320 LONG 89.4 64.4 12.0 14.9
89.4 68.6 11.0 13.5
89.1 64.5 13.5
+200 LONG 68.3 65.6 16.0 11.0
69.6 63.9 14.0 11.2
69.3 66.0 18.0 12.4
+350 LONG 55.3 55.2 36.0 10.5
55.6 55.5 26.0 10.5
55.7 55.6  30.0 10.7




TABLE A3
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4”")

COMPANY TEST ORIENT-  ULTIMATC YIELD ELONG RA E
TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)

AIR FORCE RT L TRANS 67.4 54.7 7.8 16.0

68.2 54.C 0.0 15.9

69.6 55.0 8.6 21.8
NORTHROP RT L TRANS 68.6 58.4 7.0 19.6 11.8
68.3 58.1 7.0 20.8 11.6
68.2 58.0 7.0 19.4 11.7
68.0 58.0 8.0 12.3
67.8 57.2 8.0 12.5
68.2 58.2 9.0 12.2
MARTIN RT L TRANS 67.9 56.1 8.0 11.1
MARIETTA 68.2 56.8 9.5 11.1
68.5 56.5 9.5 11.5
NASA RT L TRANS 70.5 57.8 10.0 11.4
LANGLEY 70.1 57.7 11.0 11.4
70.8 58.3 10.0 11.4
70.7 57.8 10.0 11.4
AVERAGE 68.8 57.0 8.2 18.9 11.6
STANDARD DEVIATION 1.1 1.4 2.5 2.5 0.4
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TABLE A4
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)

MARTIN -423 L TRANS 86.9 62.6 8.0 12.5
MARIETTA 81.8 72.0 12.5
87.9 62.5 9.0 13.1
-320 L TRANS 78.9 60.6 5.0 13.6
79.3 60.2 6.0 13.5
77.3 60.1 13.2
+200 L TRANS 63.5 56.1 12.3 9.0
63.6 56.5 13.3 10.6
63.56 56.7 12.5 10.8
+350 L TRANS 50.7 50.6 22.0 10.4
51.4 51.2 18.0 10.0
58.5 56.3 18.0 10.0

11




TABLE AS
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E

TEMP ATION STPENGTH STRENGTH (%) (%)  (MSI)
(DEGREES F) (KSI) (KSI)

NORTHROP RT S TRANS 69.4 55.9 8.0 7.8 11.1
68.0 52 4 4.0 3.1 11.3
66.5 51.6 4.0 3.1 11.2
AVERAGE 68.0 53.3 5.3 4.7 11.2
STANDARD DEVIATION 1.5 2.3 2.3 2.7 0.1

12




TABLE A6
TENSILE RESULTS AT t/10 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%) (MSI)
(DEGREES F) (KSI) (KSI)
NORTHROP RT LONG 77.9 69.0 6.0 12.0
75.7 66.8 5.0 12.2
74.1 65.1 5.0 11.9
AVERAGE 75.9 67.0 5.3 12.0
STANDARD DEVIATION 1.9 2.0 0.€ 0.2
TABLE A7

TENSILE RESULTS AT t/10 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT-  ULTIMATE YIELD ELONG RA E

TEMP ATION STRENGTH STRENGTH (%) (%) (MST)
(DEGREES F) (KSI) (KST)

NORTHROP RT L TRANS 72.4 63.4 9.0 12.4
72.2 63.1 3.0 12.2
72.3 63.0 9.0 12.2
AVERAGE 72.3 63.2 9.0 12.3
STANDARD DEVIATION 0.1 0.2 0.0 0.1

13




TABLE A8

TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

E
(MST)

11.3
1C.8
10.8

11.9

8090-T651 EXTRUSION (1" x 4") AFTER 100 HRS AT 3S0F
COMPANY TEST ORIENT-  ULTIMATC YIELD ELONG RA
TEMP ATION STRENGTH STRENGTH (%) (%)
(DEGREES F) (KSI) (KSI)
NORTHROP RT LONG 78.0 72.1 7.0 14.5
73.6 66.82 7.0 12.3
72.3 65.0 7.0 10.9
AVERAGE 74.6 68.0 7.0 12.6
STANDARD DEVIATION 3.0 3.7 0.0 1.8
RT L TRANS 68.1 60.4 6.0 13.8
68.2 60.4 6.0 13.8
68.1 60.5 6.0 13.8
AVERAGE 68.1 60.4 6.0 13.8
STANDARD DEVIATION 0.1 0.1 0.0 0.0
RT S TRANS 67.2 56.9 4.0 6.2
64.8 55.8 2.0 2.5
67.1 55.2 2.0 4.7
AVERAGE 66.4 56.0 2.7 4.5
STANDARD DEVIATION 1.4 0.9 1.2 1.9

(@)
("]




TABLE A9
NOTCH TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENT- NTS NTS/TYS
TEMP ATION
(DEGREES F) (KST)
NORTHROP RT LONG 82.7 1.2
78.1 1.1
85.0 1.2
AVERAGE 81.9 1.2
STANDARD DEVIATION 3.5 0.1
RT L TRANS 60.5 1.0
54.1 0.9
50.3 0.9
AVERAGE 55.0 0.9

STANDARD DEVIATION 5.2 0.0




TABLE Al0
COMPRESSION RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH  MODULUS
(DEGREES F) (KSI) (MSI)
AIR FORCE RT LONG 69.1
69.4
69.0
NORTHROP RT LONG 74.6 12.0
71.9 12.0
71.8 11.9
NASA RT LONG 67.4 11.7
LANGLEY 66.9 11.7
66.9 11.7
AVERAGE 69.7 11.8
STANDARD DEVIATION 2.6 0.2
TABLE Al1l

COMPRESSION RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" x 4")

COMPANY TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH  MODULUS
(DEGREES F) (KSI) (KSI)
AIR FORCE RT L TRENS 65.5
64.5
65.2
NORTHROP RT L TRANS 64.9 12.1
65.3 11.9
62.5 12.3
NASA RT L TRANS 63.2 11.8
LANGLEY 63.1 11.5
63.9 11.8
63.4 11.8
AVERAGE 64.2 11.9

STANDARD DEVIATION 1.1 0.3
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TABLE Al2
RIVET SHEAR RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH
(KSI}
NORTHROP L-S§ 36.9
37.4
37.1
AVERAGE 37.1
STANDARD DEVIATION 0.3
TABLE Al3

RIVET SHEAR RESULTS FOR ALCAN
8090-T651 EXTRUSION (1" X 4")
COMPANY ORIENTATION SHEAR

STRENGTH
(KSI)

NORTHROP T -8 34.5

AVERAGE 35.2

STANDARD DEVIATION 1.2
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TABLE Al4

AMSLER DOUBLE SHEAR RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH

AIR FORCE L -8 36.5

NASA - LANGLEY L-58 36.7
36.7

36.4

37.0

AVERAGE 36.1

STANDARD DEVIATION 1.0

TABLE AlS
AMSLER DOUBLE SHEAR RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION SHEAR
STRENGTH

AIR FORCE T - 8§ 36.5

NASA - LANGLEY T - S 35.4

AVERAGE 35.4

STANDARD DEVIATION 0.8




TABLE A1l6
BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KST) (KST)
AIR FORCE LONG 1.5 94.2 74.3
100.6 82.7
100.4 79.3
NORTHROP LONG 1.5 101.0 84.4
99.4 77.7
100.0 81.5
NASA LONG 1.5 104.5 86.1
LANGLEY 103.2 85.5
101.9 82.4
103.5 84.3
AVERAGE 100.9 81.8
STANDARD DEVIATION 2.9 3.7

TABLE Al7

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE L TRANS 1.5 88.3 79.4
80.0 71.8

87.4 78.2

NORTHROP L TRANS 1.5 87.7 79.5
88.3 80.1

86.3 78.9

AVERAGE 86.3 78.0

STANDARD DEVIATION 3.2 3.1
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TABLE AlS8
BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.
(KSI) (KSI)

AIR FORCE LONG 2.0 123.0

126.0
116.7 87.0
NORTHROP LONG 2.0 126.0 98.3
125.0 94.8
128.0 97.1
NASA LONG 2.0 131.4 100.0
LANGLEY 131.0 97.4
127.0 98.1
132.4 97.4
AVERAGE 126.7 96.3
STANDARD DEVIATION 4.6 4.0

TABLE A19

BEARING RESULTS FOR ALCAN

8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION e/D BEARING BEARING
ULT. STR. YIELD STR.

(KSI) (KSI)

AIR FORCE L TRANS 2.0 116.0 98.0
115.1 90.3

104.7 86.6

NORTHROP L TRANS 2.0 116.0 98.3
115.0 98.3

AVERAGE 113.4 94.3

STANDARD DEVIATION 4.9 5.5

20




TABLE A20

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION KIC Kgq COMMENT

(KSI in~0.5) (KSI in~0.5)
AIR FORCE L-T 25.2 INVALID (1)
25.8 VALID
27.8 1INVALID(1,2)
NORTHROP L -7 26.2 (3)
28.3 (3)
28.4 (3)
NASA L -T 25.3 INVALID(1,2)
LANGLEY 28.1 1INVALID(1,2)
27.4 1INVALID(1,2)
28.9 INVALID(1,2)

AVERAGE 27.2 27.1

STANDARD DEVIATION 1.4 1.5

(1): Pmax/Pqg was greater than 1.10

(2): The difference between the two surface crack length measurements

exceed 10% of the average crack length.

(3): Fractured parallel to load line
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TABLE A21

FRACTURE TOUGHNESS RESULTS FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION KIC Kq COMMENT
(KSI in~0.5) (KSI in~0.5)

—— - ——— T ————  —— " —— — — T — T T o T o i S s WO T T S T A S " ® N (e —— T

AIR FORCE T-1L 16.1 VALID
16.3 VALID

15.9 VALID

NORTHROP T -L 15.1 VALID
14.9 VALID

15.3 VALID

NASA T-1L 5.4 INVALID(1,2)
LANGLEY 6.8 INVALID(1,3)
17.1 INVALID(1)

17.9 INVALID (1)

AVERAGE 15.6 11.8

STANDARD DEVIATION 0.6

(1): Kmax > 0.6 Kq
(2): Pmax / Pq = 3.6
(3): Pmax / Pgq = 2.6
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TABLE A22
STRESS CORROSION CRACKING RESULTS FOR
ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS APPLIED % OF T-L KIC COMMENT
(KSI in~0.5) (KSI in~0.5)

AIR FORCE T-L 12.0 75.0 DID NOT FAIL
14.0 87.0 DID NOT FAIL

NOTE: TESTING DISCONTINUED AFTER SPECIMEN WAS LOADED
TO 87% OF T-L KIC AND DID NOT FAIL AFTER 2000 HRS.




TABLE A23
FATIGUE RESULTS WITH R=0.1 AND Kt=1.0 FOR

ALCAN 8090-T651 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 80.0 98
70.0 18,793
60.0 28,082
50.9 57,511
45.0 362,662
42.5 642,818
40.0 4,000,000

37.5 5,000,000
NASA - LANGLEY LONG 60.0 29,100
50.0 43,000
45.0 55,600
40.0 549,000
38.0 2,472,100
36.0 10,557,700
36.0 139,300
36.0 317,600
30.0 12,900,000

{(*): INDICATES RUN-OUT TEST
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TABLE A24
FATIGUE RESULTS WITH R=0.1 AND Kt=3.0 FOR

ALCAN 8090-T6S51 EXTRUSION (1" X 4")

COMPANY ORIENTATION STRESS CYCLES
(KSI)

NORTHROP LONG 55.0 4,413
50.0 6,373
40.0 13,431
35.0 35,620
30.0 115,117
27.5 210,968
27.5 150,596
25.0 5,000,000

NASA - LANGLEY LONG 35.0 20,400
30.0 47,600
25.0 462,400
23.0 1,785,300
22.0 1,169,200
22.0 725,500
22.0 12,300,000
21.0 10,908,100 *
20.0 10,045,000

(*): INDICATES RUN-OUT TEST

NOTE: NASA-LANGLEY SPECIMENS HAD A Ktg=3.01 AND A Ktn=2.88




TABLE A2S
TENSILE RESULTS AT t/2 LOCATION FOR ALCAN

8090-T8 (338F FOR 24 HRS) EXTRUSION (1" x 4")

COMPANY TEST ORIENT- ULTIMATF YIELD ELONG RA E
TEMP ATION STRINGTH STRENGTH (%) (%)  (MSI)
(DEGREES F) (KSI) (KST)
GRUMMAN RT LONG 80.9 78.0 3.5
80.1 77.5 4.0
80.9 76.8 4.0
AVERAGE 80.6 77.4 3.8
STANDARD DEVIATION 0.5 0.6 0.3
GRUMMAN RT 45 67.9 57.3  10.0
67.6 57.6 10.0
67.1 56.2 10.0
AVERAGE 67.5 57.0 10.0
STANDARD DEVIATION 0.4 0.7 0.0
GRUMMAN RT L TRANS 71.9 64.0 7.5
70.8 62.7 7.0
70.5 61.6 7.0
AVERAGE 71.1 62.8 7.2
STANDARD DEVIATION 0.7 1.2 0.3
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COMPANY

GRUMMAN

GRUMMAN

TEST ORIENTATION COMPRESSIVE COMPRESSIVE
TEMPERATURE YIELD STRENGTH MODULUS
(DEGREES F) (KSI) (MSI)

RT LONG 78.4 12.1
77.7 12.1

68.6 12.0

AVERAGE 74.9 12.1

STANDARD DEVIATION 5.5 0.1

RT 45 60.3 11.8
60.3 11.8

60.1 11.7

AVERAGE 60.2 11.8

STANDARD DEVIATION 0.1 0.1

RT L TRANS 67.9 11.9
67.4 12.1

67.4 12.1

AVERAGE 67.6 12.0

STANDARD DEVIATION 0.3 0.1

TABLE A26

COMPRESSION RESULTS FOR ALCAN

8090-T8 [338F FOR 24 HRS] EXTRUSION (1" x 4")




TABLE A27
FRACTURE TOUGHNESS RESULTS FOR ALCAN
8090-T8 [338F FOR 24 HRS] EXTRUSION (1" x 4")

COMPANY ORIENTATION vIC Kq COMMENT
(KST in~0.5) (KSI in~0.5)

- ————— " ——————— " A —————— " ot S " T Tt Y 1 " T — ———— o — —— -

GRUMMAN L-T 33.3 INVALID(1),(2)
27.6 INVALID(2), (3)

AVERAGE 30.5
STANDARD DEVIATION 4.0
|
GRUMMAN T-L 14.6 VALID
AVERAGE 14.6
STANDARD DEVIATION 0.0

(1) 1.08 greater than B
(2) Angle of fracture greater than 5 degrees

(3) Pmax/Pq greater than 1.10
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Figure A3. Fatigue Crack Growth Rate Data for Alcan 8090-T8 1" x 4" Extrusion
(L-T Orientation). Grumman.
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Table A28

Fatigue Crack Growth Rate Data Associated
with Figure A3

Seven Point Incremental Polynomial Method per ASTM E&47

00-00-1980

Specimen Number: LT-1 Specimen Type: CT

B= 0.2560 in Ws 2,4950 in An= 00,0000

Pmax= 480.0 lbs Pmins 3.0 1bs

R= 0.00 Frequency= 8.00 hz.

Test Tempesratures 70 F Environment= Q0VRH

PY CYCLES Ameas Areq MCC Delta K da/dN

1 0.00 0.5980
2 25.00 0.6130
3 350.00 0.6280
4 100.00 0.6430 00,6465 0.992786 5.99 .3852E-06
S 125.00 0.6580 0.6536 0.989967 6.04 [ 3I635E-06
& 175.00 0.6680 0.6688 0.983I831 6.14 .8107E-06
7 200.00 0.6780 0.6765 0.990650 6.19 .4584E~06
8 250.00 0.6980 0.7018 0.997999 6.35 .615BE-06
? 300.00 0.73I80 0.7X73 0.998490 &6.6U0 .BIF0E-06

10 325.00 0.7630 0.7615 0.989195 b6.76 .7990E-06
11 3I%0.00 0.7830 0.7840 0.992244 6.92 .BY77E-06
12 375.00 0.8B130 0.8041 0.990920 7.07 .9396E-06
13 425.00 0.8430 0.8499 0.976600 7.41 .1297E-05
14 450.00 0.8830 0.8814 0.983424 7.65 .1594E-0S
15 487.50 0.9330 0.9484 0.988987 B.20 .2224E-0S
16 500.00 0.9930 0.9779 0.987482 B8.46 .2342E-03
17 512.50 1.00B0 1.0082 0.98390% 8.73 .2414E-03
18 3525.00 1.0430 1.0447 0.988006 9.08 .Z546E-05
19 337.50 1.0730 1.071I 0.997122 9.35 .23BCE-05
20 S50.00 1.1030 1.10%4 0.99823% .71 .23BOE-OS
21 $562.50 1.1330 1.1321 0.992729 10.01 .2137E-03
22 575.00 1.1660 11,1624 0.993274 10.36 .248491E-0S
23 387.30 1.1830 1.1929 0.994186 10.77 ,2676E-0S
24 400.00 1.2330 1.2260 0.995332 11.17 .2789Z-05
25 612.50 1.2610 1.2635 0.994958 11.70 .2931E-0S5
26 625.00 1.3030 1.2984 0.983871 12.27 .3IT49E-0S
27 637.50 1.3430 1.3388 0.987280 12.89 .4348BE-0S
28 650.00 1.3780 1.3961 0.989989 13.95 .S650E-03
29 662.50 1.4730 1.4727 0.994114 15.61 .7767E-05
30 666.00 1.5110 1.4985 0.9864%56 16.25 .7511E-0S
31 669.00 1.52350 1.5268 0.997082 17.00 .693I1E-05
32 672.00 1.35%10 1.5492 0.99598B3 17.464 .(67LEE-0D
33 677.00 1.5780 1.5770 0.993047 18.49 .6631E-05
J4 £B80.00 1.35960 1.5968 0.992844 19.14 .T7256T-0S
35 683.00 1.6130 1.6171 0.9934728 19.84 .8B73E-03
36 6B6.00 1.6460 1.6435 0.996741 20.8C .1156E-04
37 488.00 1.6630 1.64679 0.996796 21.82 .120BE-04
38 690.00 1.6980 1.6974 0.996613 23.12 .1447F-04
39 692.00 1.73I3J0  1.7284 0.996695 28.62 .1SB7E-C4
40 694.00 1.7610 1.7620 0.990631 26.45 .1B86JE-04
41 696.00 1.7930 1.7991 0.985648 28.753 .IS11E-04
42 697.00 1.B160 1.8218 0.993901 3J0.71 .3269E-04
43 698.00 1.8530 1.83547 0.999340 32.84 ,4133E-04
44 4698.80 1.8910 1.8898 0.998392 35.95 .4729E-04
45 699.40 1.9230 1.9207 0.995373 39.09 .4S570e-04
46 699.80 1.9430

47 700.20 1.9&.0

48 700.60 1.°710

# - DATA VIOLATECD SIZE REQUIREMENTS
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Table A29

Fatigue Crack Crowth Rate Nata Assoc fated
with Figure A3

Seven Point Incremental FPolynomial Method per ASTM E647

00-00-1980
Specimen Number: LT-2 Specimen Type: CT
B= 0.2540 in We 2.35030 in An= 0,0000
Pmax= B860.0 1lbs Pmin= 430.0 lbs
R= 0.50 Frequency= 10.00 hz.
Test Temperature= 70 F Environment= 9U%ZKH
PT CYCLES Ameas Areg MCC Delta K da/dN

1

2

3

4 150,00 0.6500 0.6485 0.994447 S.40 .48139E-06
S 175.00 0.6630 0.6595 0.995871 5.46 .4296E-06
6 225.00 0,.6800 0.6820 0.995346 S.60 .4103JE-06
7 275.00 0.4980 0.7006 0.995525 S5.71  J368B4E-06
B8 325.00 0.7230 0.7169 0.991691 5.81 .3I718E-06
9 375.00 0,7330 0.7327 0.980207 5.90 ,4443E-06
10 425.00 0.7500 0.7546 0.987226 6.04 .5169E-06
11 475.00 0.7780 0.7809 0.988072 6.20 .6013E-06
12 525.00 0.8250 0.8155 0.989223 6.43 (756SE-06
13 550.00 0.8350 0.8360 0.989073 6.56 .B4BLE~-06
14 3575.00 0.8480 0.8571 0.987310 6.71 .9BSZE-06
15 600.00 0.8830 0.8787 0.997161 6.86 .1110E-CS
16 625.00 0.9100 0.9109 (.998400 7.09 .1241E-05
17 650.00 0.9480 0.9479 0.999300C 7.27 J1S556E-05
18 675.00 0.988B0 0.9870 0.999463 7.67 .1767E-0S
19 700.00 1.0230 1.0337 0.998417 B.0v6 L2105E-03
20 725.00 1.085¢ 1.0888 0.997831 B.96 .2¢72E-U5
21 737.350 1.1200 1.1218 0.998499 B8.88 .3144E-0S5
22 750.00 1.1600 1.31617 0.999831 .29 .J6B3E-0S

3 762.50 1.2100 1.2107 0.999723 F.84 .A4200E-0S
24 770.00 1.2450 1.2831 0.999107 10.27 .4697E-0S
25 778.00 .2B30  1.2822 0.998981 1VU.74 (S203E-0S
26 7B6.00 1.3200 1.3238 0.997747 11.33 (60SVE-0S
27 794.00 1.3750 1.3742 0.998760 12.12 .713I7E-0S
28 798.00 1.4000 1.4071 0.9990e8 12.62 .784BE-0S
29 B02.00 :.4400 1.4361 0.998728 13.23 .8776E-05
30 806.0C 1.4700 1.4720 0.998515 1X.9% .9445SE-0S
31 810.00 1.3100 1.5118 0.998265 14.84 .1048E-04
32 B14.00 1.5580 1.5543 0.998819 15.90 .1194E-04
33 B816.00 1.5750 1.5793 0.998547 16.59 .1264E-04
34 B818.00 1.6050 1.6056 0.996442 17.36 .1445E-04
35 B819.00 1.6200 1.6186 0.998317 17.77 .1631E-04
J6 B20.00 1.6330 1.6365 0.996747 18.33 .168IJE-C4
37 821.00 1.6550 1.6522 0.991442 18.90 .1921E-04
38 822.00 1.6750 1.6714 0.991259 19.60 .2290E-04
39 B823.00 1.68B80 1.6961 0.990776 20.56 .2606E-048
40 824.00 1.7250 1.7231 0.989739 21.71 .2B7SE-04
41 824.60 1.7480 1.7418 0.989447 22.57 .2988E-04
42 B25.20 1.7600 1.7624 0.995519 23.58 .3169E-04
43 B825.80 1.7780 1.7782 0.994257 24.40 .3369E-04
44 826.40 1.7980 1.7976 0.998909 25.49 .3747&-04
45 B827.00 1.8200
46 B827.60 1.8B530
47 B827.90 1.8B650

# - DATA VIOLATES SIZE REQUIREMENTS

11
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Fatigue Crack Growth Rate Data for Alcan 8090-T8 1" x 4"

(T-L Orientation). Grumman,
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Table A30

Fatigue Crack Growth Rate Data Associlated
with Figure A4

Seven Foint Incremental Polynomial Method per ASTM E647

00-00-1980
Specimen Number: TL-1| Specimen Tvpe: CcT
B= 0.2550 1n W= 2.5070 in An= 0.0000
Pmax= 550.0 1bs Pmin= C.0 lbs
R= 0.00 Frequency= 8.00 hz.
Test Temperaturers 70 F Environments 9O0%RH
PT CYCLES Ameas Areg MCC Delta K da/dN
1 0.00 0.6080
2 25 00 0.6S510
3 $0.00 0.70890
4 62.50 0.7%30 0.7527 0.989068 7.66 .3437E-0S
5 75.00 0.8030 0.7983 0.998952 8.03 .3907E-0S5
6 83.00 0.8310 0.8314 0.997178 8 .31 .4417E-05
7 91.00 0.8630 0.8662 0.997815 8.61 .4915E-05
8 99.00 0.9030 0.8058 ©0.955832 B8.96 .S276E-05
9 107.00 0.9560 0.8513 0.995779 9.40 .5717E-05
10 111.00 0.98l10 0.9761 0.996393 9.64 .57TS8E-0¢%
11 115.00 0.9930 0.9994 0.9922721 9.88 . 6240E-05
12 118.00 1.0230 1.0214 0.950427 10,11 L EEUVE-0S
13 123.00 1.0460 1.0475 0.997810C 10.40 .7420E-0S
14 127.00 1.0830 1.0808 0.998724 10.78 8850LE-0S
1€ 131.00 1.1130 1.1134 0.es8327 11.17 L10L2E-CQ
16 135.00 1.1580 1.1547 0.99495%6 11.71 124 1E-04
17 139.00 1.1980 1.2088 0.997596 12.42 .15406E-04
18 143.090 1.2710 1.27456 0.995119 13.¢1 . 21237E-04
19 145.00 1.3180 1.3190 0.997238 14.29 .2781E-04
20 146.00 1.3380
21 147.00 1.3810
22 148.00 1.4180
# - DATA VIOLATES SI1ZE REQUIREMENTS
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Table A3l

Fatigue Crack Growth Rate Data Ascsociated
with Figure A4

Seven Foint Incremental Folynomial Method per ARSIM E647

00-00-1980
Specimen Number: TL-2 Specimen Type: CT
B=x 0.2530 in W= 2.5110 in An= 0. 0000
Pmaxw= 600.0 1lbs Pmin= 300.Q 1lbs
R= 0,50 Fregquency= 10.00 hz.
Test Temperature= 70 F Environment= 90%RH
FT CYCLES Ameas Areg MCC Delta ¥ da/dN

1 0.00 0,.3880
2 25.00 0.6030
3 75.00 0.6160

4 125.00 0.6260 0.6295 0.93B706 J. 66 (TA2TE-CL
S 1735.00 0.64860 0.64865 0.995210 3.73 . 3640E-06
& 200,00 0.6580 0.6561 0.9953I9 3.77 .3B34E-06
7 225.00 0.668B0 0.6670 0.998161 3.81 .4163E-06
B 275.00 0.6860 0.6877 0.998106 J3.90 .4291E-06
9 300.00 0.6980 0.6979 0.998922 3.94 .4562E-06
10 3I25.00 0.7110 ©.7097 0.998759 3.99 .4773E-06
11 350.00 ©0.7210 0.7219 0.997145 4.04 ,ST00E-06
2 3J75.00 0.7360 0.7355 0.99724% 4.10 .SS71E-06
13 400.00 00,7480 0.7491 0.994883 4.16 .6243E-06
14 425.00 0.768B0 0.7666 0.994725 » 23 JO629E-V6
15 450.00 0.7810 0.7831 0.994470 4.30 .7257-06
16 475.00 0.8060 0.8022 0.995387 4.39 .7900E-06
17 3500.0C 0.8180 0.8222 0.996129 4.48 .BI29E-06
18 S525.00 0.B460 0.8440 0.99675%5 4.58 .914TE-06
19 550.00 0.868B0 0.8660 0.997343 4.68 .1010E-03
20 575.00 0.8910 0.8939 0.998083 4.82 .1128E-09
21 600.00 0.9210 0.9210 0.998491 4.96 J1261E-0D
2 625.00 0.9580 0.9538 0.997981 S.13 .14B83E-0S
23 650.00 0.9880 0.9930 0.997847 S5.34 _1766E-0S
24 675.00 1.0380 1.0395 0.998241 S5.61 .218%9E-05
25 687.50 1.0680 1.0663 0.999737 3.77 .ZSOSE~0S
26 700.00 1.0980 1.0989 0.996707 5.98 .3025E-05
27 712.50 1.1360 1.1344 0.996212 6.22 .3I703E-05
28 725.00 1.17B0 11,1820 0.9946408 6.357 .4042E-05
29 737.50 1.2830
3¢ 746,00 1.3030Q
31 750.00 1.3430

# =~ DATA VIOLATES S12E REQUIREMENTS
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Figure A5. Fatigue Crack Growth Rate Data for Alcan 8090-T651 1" x 4"
Extrusion (L-T Orientation). Northrop.
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Table A32

Fatigue Crack Growth Rate Data Associated
with Figure A5

Seven Foint Incremental Polvnomial Method per ASTM E&47

01-12-1990
Soecimen Number: 14-
B 0.2510 in We X

Pmaxw $540.0 1bs

129

L0080 in

Fmine

Specimenr Type:

An= 0O, O0OS0

S54.0 1bs

k= 0.10 freguency= 10.00 hz,.

Test Temperature=

7S5 F

Envirorments 9S%RH

cT

FT CYCLES Ameas Areg MCC Delta ¢ da/oN
1 0,00  0.66480
2 109.70 0.68B20
T O2SS.00 0.71T0
4 TB0.0O 00,7390 0,740 (.999781 5.45 ., 2405E-~0&
S 480.90 0.7665 0.7657 .999793 S5.58 .T620R-06
6 ITBF.00 Q,79T0H  0,7953 (0.9997EB 5.7 .276%E-08
7 688.00 0.B240 0.8240 0.999316 5.87 .2986E-0&
8 763,00 0.8480 0D,8467 0.995I04 5.99  I171E-n&
% 83I0.00 0,871F% 0.8741 0.999u18 b.17  LZTA70E-06
10 927,10 0.501% 0O.9017 0,.9°98950 &£.08 L XE7TE-CS
11 1000,90 0,.9200 0.9294 0.998715 &£.47  LANLTE-OSE
2 10ST.00 00,9875 0.9%16 0.9°98.046 &.% L4451 1E-08
13 1140,00 00,9865 0.9510 0.99780% 6.78 .S16TE-06
14 1180,00 11,0175 1.011E€ (.958781 6.%0 L SSASE-06
15 1221.00 1,07S0 1.0249 0.998787 7.04 LSRISE-NS
16 1258.50 1.0610 1,098  0.935687 7.1%8 LHTAIE-NE
17 1306.00 1.089S 1.08%5 0.659°9540 7.78  .L&6T7E-06
18 1744, 00 1.1150  1.11840 0, 8%577 7.57 LTIevE-vE
19 13I92.00 1.1480 1.1500 0,95754¢ 7.77 .BTI6E-06
20 1470,00 1.1795 1.1840 0,99793cC 8.01 .B477E-06
21 145%.00  1.2125  1.2079  0.9905867 8.18 .B0UIBE-0e
22 1484.70 31,2775 1.2744 0.9946142 8.27 .BOCIE-6
27 1521.00 1,2610  1,.2610 0,.994721 8.57 .7111E-Ge
24 15462,00  1,.2875 .99Ra97 8.7 .61 TBE-CE
25 1599.00 1., 2060 0.997690 8.22 L(&ITSE-n&
26 1679.00  1.2780 0.981745 §.10  .76B1E-T6
2 1.7590 1. Q.e80576 .47 L1LSIE-0E
< 1.2885 1. 0.9904671 9.71 L1636E-0S
2 1.4255 1. 0.9%99619 9.99 .IZ14%5-1'g
0 1.8490 1. 0.999407 10,22 . T274sE-0E
31 0 1.44648% 1 Q. 999651 10,42 2527t of
22 00 1.4850 1 0.939&T0 10,61 LZES2E
IT 1763020 1,507 G.999117  10.86 . IZ914E-
T4 1769.B¢ 1,SIET 1 11.07 Sile'E- 0 &
25 1777.%0 31,5505 1 11.78 . T4S0E-0S
36 1782.10  1.570% 1. 11.5 L 3704E-0F
37 1788.20 1,570 1,8907 11.87 .4N7TE-0F
78 1797.40 1.6175 1.6179 12.16 .4S592E-0%
IF 1798.40 1.6760 1.6T71 0.999495 12.48 (SO7TE-0S
40 1802,.30  1.6580 1.6588 0.999472 12.79 .SS11E-0T
41 1BL6.6T  1.6850 1.6871 17.16  .=Q&SE-0S
42 181¢. 74 1. 7060 1.7067 1,9990<8 13.5° L 6156E- 08
4% 1814.10 1.7X00  1.7T706 (0.99%644 1T.97 LE176E-05
44 1817.10 1.7505 1.748B8 (.999494 14,75 L 6T707E-OS
$ 1820,90 1.772S 1.7721 Q0.998410 14,467 L &L4FTE-TT
44 1824.40 1.75T0 1.7242 Q.99p-°7 (T3 L6B4sE-0S
47 1827.80 1,8146% 1.8172 (.9734¢48 15.55 .75°7E”Q5
48 1B70.90 1.847% 1.5417 (0.999010  146.06  .BBTRE-CS
“T.T70 1.8650  1.8673  0.998938 16.6% .9811E-0S
.40 1.8840 1.8849 0.992107 17.06 L101ZE-04
S1 1877.20 11,9080 1.9047 0.997%516 17.5 L109TE-C4
32 1839.80 1.9735  1.91T6 0.997767 18.70 .1191E-04
S$Y 1841.80 1.9375  1.9574 0.9958469 18.97 .174TE-C4
$4 §{B84T.70 1.9780 1,977 0O.995T7C 19.56 J17S4E-04
5 1844, 70 1.991% 1.9944 0.997171 20,09 L1929F -4
36 1844.80 22,0080 T 0071 0.990064 0, TX L 2197E-04
b1 18446, 50 2.0475  2,0405  0.99477%7¢ 21.71 . JU7ZE-04
BB 1847, S0 T.0&KET. D.0760 0,99t437 72,98 .T70BL-04
$9 1848.50 L. 1205 2.11%4 0.995513 24.6T .46Bs6E-v4
&0 1B49. 50 L1478
61 18SH, 00 2 1RBRT
62 1B851.00  2.7660
¢« - DATA VIOLATES SI2E REQUIREMENTS
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Fatigue Crack Growth Rate Data for Alcan 8090-T651 1" x 4"

Extrusion (T-L Orientation).
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Table A33

Fatigue Crack Growth Rate Data Assoclated
with Figure A6

Seven Point Incremental Polvnomial Methnd per ASTH E&A7

01-12-19%90
Bpecimen Number: [4-T729 Specimen Type: CT
B= 0.2%40 in W= 33,0060 in An= 0, 0000
Pmax= 280.0 1bs Pmina 28.0 lbs
Rs 0,10 Frequency= 10.00 hz.
Test Temperature= 73 F Environment= 95%RH
PT LYCLES Ameas Areg MCC veita Kk da/dN
1 Q.00 0.7620
2 1500.00 0.780%
3 1800.00 0.8010
4 2100.00 0.8250 0.82I0 0.998%48 3.00  ,B111E-07
S 2320.00 0.8480 0,84880 0.999877 .06 .3727E-07
& 2570.00 0.B665 0.8666 0.999405 .12 .94B2:-07
7 2790.0C 0.8890 0.8877 0.999370 3.18 .1718E-06
8 3000.00 0.907% 0.90%6 0.99944%5 3.24 [10%1E-06
9 I190.00 0.9315 0.9309 0.999540 3.30  J1161E-06

10 IX70.00 00,9570 0.9524 0.999578 .36 . 1230E-06
11 I520.00 0.971% 0.9717 0.99979S 3.42 .1T07E-06
12 IB800.00 1.0090 1.0094 0.999760 3.53 . 13BIE-0&
13 3940.00 1.0290 1.0297 0.999339 3.59 .13B7E-0¢
i4 4100, 00 1.0540 1,0520 0.998855 J.66 L 144BE-DS
15 4250.00 (. "> L.4aTIT 0.938248% .72 L1SOAE-CS
16 44S0,00  1,1005 1.103I7 0.9588 .87 L1S99E-06

17 4600.00 11,1290 1.1275 0.999415 .90 L1707E-0Q4
18 4740,00 1.153% 1.1525 0.999416 .99 L1BRBE-06
19 48460.00 1.1745 11,1755 0.999423 L07 J195TE-06
20 5000.00 1,.2030 11,2029 0.999714 .17 L2047E-06
21 S$110.00 1.2255 1.2261 0.999671 .2 L 21TSE-06
22 S200.00 1.267% 1.2862 0.99%9678 LT3 L216BE-06
23 S5300.00  1.2680 1.2680 0.9992866 .42  2284E-06
24 5770.00 1.26840 1.2827 0Q.597279 .47 (2377E-06
25 J480.00 1.307% 1.3078 0.996906 .58 .2747E-06
26 580,00 1,380 1,77S 0.998& & 70 (ITREE-C&
27 S660.00 1,360 1.3641  ©.99BITO0 .8 L426TE-C6
28 5720,00 §.3IR10 1,705 0,.998971 .®5  LSISCE-06

29 3780.00 1.419% 1.4027% 0.998767
TO TE20.00 1.449% {1,449 0,99°9700
31 5840.00 1,4650 1.44T6 0.999517
32 5880.00 1.4970 1,498 0.9979%7

10 L 6TI0E-06
24 [ T7IB7E-"e
.3 .BO18E-"¢
LSO L97LZE-CE

MOV RNEDdDEDdDLLEDBEDLBIAWIIG

37 $910.00 1.5270 1.5276 0.9984CT3 .67 L1IR7E-0S
34 5970.00 1.%549% 1,525 0.998977 .82 L 1809E-0S
X5 5945.00 1,574 1.5778  0.9995667 .95 L 1&0BE-CT
36 S95B.00  1.5960  1.S955  0.999&Z20 6.10 [1B14E-0T

37 5970.00 11,6180 1.6188 0.999647 6.2 . 198J2€E~-C3
I8 S9B8Z.00 1.647% 1.6471 0.999761 6.4 . J14BE-0T
39 TI9T.00  1.6670  1.66%3  0.999665 &.99 JOITTE-0T
40 6003.00 1.6910 1.46921 0.999658 &.80 [ 2S10E-0S
41 6012.00 1.7145 1.71%1 0.9976"€ 6.99 . 26B4E-0T
42 6021.00 1.7410 1.739% Q.999766 7.2%  .288%E-0%T
4T 6030.00 1.7655 1.7646% 0.99965" 7.4% (TIIRE- S
44 6078,00 11,7920 1.7920 0.777i50 J.70 LTABSE-0S
45 6045.00 1.816% 1.B168 0.%9Y9912 7.95 L.T79SE-TS
46 H051.00 1.8400  1.8407  0.999802 B8.21 .40&6TE-0S
47 60358.00 1,8715 1.8701 0.999776 8.54 .4S10E-05
48 6064.00 1.8980 1.8980 0.799026 8.89 .3011g-CS
49 6068.00 1.9155 11,9182 0.999119 9.15 .S543T7E-0%
S50 6072.00 11,9410 1.9796 0.999480 9.44 |, 6020E-0F
S1 6076.00 1,965 1.9635 0.998179 .79 LTOITE-CS
$2 6080.00 1.991% 1.9933 0.998481 10,25 .81IFE-03
T LNBA.00 2.02%0 22,0270 0.999438 10,82 .(FT4LE-0T
%4 6088.00 2.0705 2,0663 0.994577 11,55 L1197E-C4
8% 6091.00 2.1010 2.10%5  0.99077T0  12.32 .(1581E-04
56 6093.%0 2.1T1% 2.1421 0.976278 13,71 [ 2296E-04
37 &095.50 L.1810

B 6097.00 2.I177%

59 6098.30 2.3075

¢« - DATA VIOLATES S1Z€ REQUIREMENTS
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Figure A7. Fatigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (L-T Orientation). U.S. Air Force.
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Figure A8. Fatigue Crack Growth Rate Data for Alcan 8090-T651 1" x 4"
Extrusion (L-T Extrusion). U.S. Air Force.
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Figure A9. Fatigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (L-T Orientation). U.S. Air Force.
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Figure AlO. Fatigue Crack Growth Rate Data for Alcan 8090-T651

1" x 4" Extrusion (T-L Orientation).
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Figure All. Fatigue Crack Growth Rate Data for Alcan 8090-T651
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Figure Al2. Fatigue Crack Growth Rate Data for Alcan 8090-T651
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Figure Al6., Fatigue Crack Growth Rate Data for Alcan 8090-T651 1" x 4"
Extrusion (T-1. Orientation). NASA-Langley.

h2




zr°y
15y
09y
69°y
6L"Y
[:1- 0 4
86"y
80°§
8i°sS
62°$
or°§
1§°§
29°§
ZLs

(Uirisy)
b d

10-3260° 1
40-3061°1
L0-3892°1
L0-36L¢"1
10-3vE3° 1
L0-3e83°1
L0-3075°1
L10-3€85°2
L0-387. "€
LO-3VER"'S
LD-3E67°9
40-3588°¢L
LO-31€5°8
L0-326€°6

(A2 /uy})
NY/@Y

adeg

gerrel
7168891
91eLs!
0609v1l
LL192E)
sLEBI
L1186
BY6EL
€£502%
62vBE
L160E
DLE9Z
LLEER
29661

(ix)
NV

2020°0
1020°0
0020°0
1020°0
v020°0
6610°0
1610°0
8610°0
§020°0
1020°0
1020°0
0020°0
6610°0
L810°0

(v
[ 4]

9s22¢eL
S2LSE9
asLLrs
116997
2vv06€
22802¢
PILLSZ
SYv202
LP06ST
eers2i
766901
69006
LLO9L
OOLEY
10128
BELEY

(1x)
N

$220°1
v2io°1
£€200°1
E266°0
¥286°0
22L6°0
0296°0
€256°0
62v6°0
v2E6°0
£226°0
€216°0
2206°0
£268°0
£zee’0
9£L8°0

(uy)
.

324689

29°LS
vE-98
80°5$
LB ES
1£°2¢%
§§°16
Er-0s
8E"6¥
or-or
vELY
vE' 9
6E°¢y
i1 A4 4
?S°EY
99°2y
16°1y

d/8¢3

Fl p) 40443

0 4 oM
C3POD &84 | wuy

01°0 (¥) ©}284 SEBJ3S

7L A 1®13}u)
60°8 oW
01°0 (¥) ©)a®J ss8dI3S
a9l
vl
081t
481 0s2°1 01301 wudly
vel 002°0 u3bus| ebeD
002 L08°0 uadep ya3IoN
102
s12
222
og2
eegz
sr2 [ R R &N | NPOK
ssz 6°LS CI8A) PI@KA
£s u UO | 3IRIUS | 4D
42 Ad30W09H
(sqi)
xoud SISATV
HOVEHOD 3N

*P} uswjoadg

6061-91-21 21583 JO #3380

§3UIWALO)

(18NS A) HIWJIH  (d/@8A3) WIWJD &/873

SUO|IBAJBEQD |INE A

0010L(S°EP 2~ 000000°0

oooogB8° Y121 000009 "S-~

L66P28°9E2~ 00002¢L° 91}

001097 °B1 00002¢°¢1~

0156999~ 0000P9S°Y

086000°1 000988°0

#4900 g/873 #4800 N

00°2- FUVE JY-1 N1V
L0B8°0C (W)} ® 18;34u)]

S4020WRIRYg 36D}

1L8°0
A1 43

(Ul) ® (ou 4
($Q1) xowug

SJ0IBWRIBG NIVIDBJY

ooz*1t Iub ey
000°2 CEE-F1 ]
8EZ°0 SEOUND QY

(U]) SUQjSUBW|( US| DPOS

HHZ66-96 Y1V JUBWUOJ ) AU
£€8  (4) ®sanisJacway

1891-0608 1®j @38
Jd0~-024v # asesuo)
3271689 ‘Pl uswjOedg

NV 3JAvd HLMOED
Dlavd AQ3ILVWNOLNY

91V 2an3T4d Y3ITm POIBID0SSY BIBQ 23IBY yimoan Noea) andiied

9%y °1qelL

63




Seyrrs 090571 20182
£5°L1 ¥0-3250"1 012 0220°0 ESEPPS  0S6P°1 L6°6E2 1E€2
(6°91 $0-3025°8 €52 S120°0 SC2wrs  OvEP 1 (0622 1€2Z
»?°91 50-318L°9 SOE L020°0 0O01pps  PELP 1 [2°612 1E2
96°Sl $0-3¥91°S  OLE 1610°0 OEEE?S €E9P 1 wr01Z 1E2
05°S1  SD-39¥E'F 92y $810°0 DELEPS  EPSP°1 SD'EDZ 1E2 6061-51-2Z1 13883 JO 8380
$0°§1 SD-3796°E 11§ £020°0 YOSEPS 8PP 1 09°561 12
19°vl S0-3SL¥°E 96§ L020°0 O02ZE¥S 1PE¥°1 207181 1E2 S3uAOD
L1°vl SD-30S0°E 259 6610°0 B0627S 192v°1 9L°081 0€Z
yL°El S0-392L°2 ISt $020°0 L9529S Mm,..“ ww.-nu me
‘€% s0-310v°2 298 L020°0 BS12rS or* ‘L A3) Wowd /873
621 S0-3ve0°Z sve L610°0 SOLIPS  SE6E") 17191 822 4v> 40443 (180814) %3043 (9/@23) W43 4/8
95°21 S0-3s¥@°1  .201 0610°0 ¥l2iys  6EBE*1 BEL' 951 [22 $UC,3WAISEQ0 IFNE A
€1°21 3D-3€v9°l B8z2l 2020°0 ©L90»S  SPLE'1 SE'ISI 922
»8°11 S0-3@EP°t 2wyl L020°0 9B66ES  BEYE'1 26°Sv1  §22
ev 1l §0-3862°1 2251 8610°0 9EZ6ES  GESE'! 2i'ivl w22 001045 EY12- 0000000
y1°11 s0-3zel*t zesl 6610°0 P9¥BES  OPPE'] ¥9° 9El  E22 000080 #1217 000009 §-
18°01 S0-3€»0°1 BE6! Z020°0 vSSLES  GEEE'! €2°2E1 222 - atae 000022 %1
6v°0l §0-32€2°6 (812 2020°0 925966  BEZE"1 20°€21 022 ceipon o1 00002E “£1-
81°01 90-3251°90 BErFZ 6510°0 (9ESES  LEIE*1 107921 612 015695 0~ 00009 ¥
86°6 90-382C°L Be9Z £310°0 ©8OYES  6E0E"1 OE°021 112 i oveo00° T 000918 0
65°6 90-311L°9% @962 €610°0 6L926§  Ov62°1 0L°911 812 L. o fon d/8r3 29800 X
1€°6  90-39»0°9 182¢ B610°0 O211E$ orez 1 2z°fll wi2 $3p0) SisA WUy »9
£0'6 90-32E9°S S$Z9€ »020°0 ©6£62§  2pLZ°1 §6°501 212
9.6 90-390C°" €£68E L020°0 §6¥L2s  9E9Z°1 B@§°901 112 . . e | DEIB-N
05°® 90-3r6B°Y i10P 9610°0 P0SSZS SESZ1 26°E01 602 0170 () ©1384 28235 mwom_ .:_uua “e_u*:_
$2°8 90-386P°v 10CY £610°0 SBYEZS ore2 1 207001 102 LI A Eia
10°6  90-35L0°9 LE6Y 1020°0 €0212§  2vEZ"1 L6°16 SOZ Sue3oWE R 360 -
8L°L 90-3669°€ 09¥§ 2020°0 ®©rsBis  BE2Z'1 B1°S6 €02 3z
»$°L 90-3S2E°€ 396§ @610°0 PriSis  OFiZ"i E€9°26 102
RE°L  90-3006°2 (689 Z020°0 08S21§  Ov0Z'l ¥1°06 661 . o
11°L  90-3109°2 vasi 1610°0 (58808  LEGI'l €9°L8 L6l oLy xouny Q20T T e
06'9 $0-3rB2°Z ELvE ¥610°0 96605  £¢BI°1 05°S8  s61 01°0 () ©jams 668435
0L'9 90-3910°2 S§S36 6610°0 ¥BEOOS  ®Pril°) JE'E6 €61
15°9  90-312L°1 vZ601 £610°0 1vis6r  ¥p9I1°1 LI°18 (6] $J020uR10g NIEJD0d
1€°9  90-3.4¢°1 v2vEl 8610°0 09r6BY  0SS1°1 EZ°6L 681
€1°9 90-3591°1 §908! 0120°0 L1L18»  9rr1°1 S§1°LL 98I .
¥6'S  10-31.L°8 L22E2 ¥020°0 S6EILy  O¥EI“L 21°SL 9Bl 0s2°1 oi3es eydly 062"1 uuwqu
9L°S  1D-3LBE'9 S6SIE 2020°0 06¥BSY  2v21°1 1E°EL 2Bl 002°0 u3bus 3bwg 00072 ceouno I
wm.m L0-382L°Y E€OO0EY €020°0 O0OB6EY BE11"1 sy 1L o061 L08°0 H3ICIP UI3ION 8ez o
»°§ 10-39€9'C 6697 6610°0 LBPSIY  GEOI"1 EL°69 4L1
92°¢  (0-3206°Z SEEOL ¥020°0 101SBE  6E60°1 [0°B9 LI (Ul) suC)EUBID USW) 3805
mm.m no-uwo-.w L5198 1020°0 2ZSISYE  SEBO'1 6E£'99  ELI
‘»  L0-3290°2 LOE66 §020°0 ¥PEB6Z  ZELD"1 O08°?9  OL1
08°» L0-3L€L°1 ©86911 £020°0 SPBSYZ  OE93‘l SZ°E9 @9 HE196-96 NIV 3usuaoJ | a3
99'Y  L0-319€°1 SLESYI 8610°0 (56181 6250°1 64719 991 vl SniINPow €8 (4) 8Jn3gssiil
DLY0Ol  2EPI°1  19°09 6°Ls LIs%) PI®IA 1591-0608 1@ 49304
u uo | 33UB |40 90-023v # 30€43u0D
(Uiried)  (DA2/u1) - (1xX) (ui) axy (i) (sai) 12 A438w090 327u6689 Pl waw}da0g
w NV/@9 NV o« N Y a8y xeug
! 371668 P} usw)deds SISATIYNY 3ivd HLMOHD

abey

g1V @an8]4 Y3ITM paileloossy eled 2I'Y Yinoxad }oeid andt3ied

LYV @TqEL

MOVEHD IMNDILvd AILAVKWOLNYV



- FATIGUE CRACK GROWTH RATES

=
E a
-5
10 L
-
) ~~
Q
10 = 2 :
E g
= )
= g
=
g g
~7
10 . O
- ©
r SPEC R or K KGRAD TEWP
L O G89TLIE 0.33 =-2.00 840
_ O G89TLIEGO.33  3.00 85.0
1078 |
i AK (ksivin)
-9
10 . . e L L3 ] 1 1 NS N A I
1 10 1200

Figure Al7, Fﬁtigue Crack Growth Rate Data for Alcan 8090-T651
1" x 4" Extrusion (T-L Orientation). NASA-langley.
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Figure /18 FALSTAFF Spectrum Results for BO9N-T651 Extrusion.
Reduced tn Terms of Growth Rate and Maximum Spectrum
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